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Thymocytes in Thy-1–/– mice show augmented TCR signaling and
impaired differentiation
A-O. Hueber*, A-M. Bernard*, C. Langlet-El Battari*, D. Marguet*, P. Massol*,
C. Foa†, N. Brun*, S. Garcia‡, C. Stewart§, M. Pierres* and H-T. He*
Thy-1, a single variable-like immunoglobulin
superfamily domain anchored in the plasma membrane
by a glycosyl phosphaditylinositol tail [1], is a major
surface glycoprotein in adult mammalian neurons and
rodent thymocytes [2]; the function of Thy-1 has
remained enigmatic since its discovery [3]. Studies in
vitro have implicated Thy-1 in homotypic and
heterotypic cell–cell interactions [2,4]. Ligation of Thy-1
initiates transmembrane signaling pathways that lead
to diverse physiological outcomes in different cells
[2,5–7]. In rodents, Thy-1 is highly expressed on the
surface of CD4+CD8+ double-positive immature
thymocytes and downregulated in mature T cells. Here,
we report that thymocytes from Thy-1–/– mice [8] had
altered cell–cell contacts, and hyperresponsiveness to
T-cell receptor (TCR) triggering as demonstrated by the
heightened activation of p56lck, phosphorylation of TCR
subunits, Ca2+ fluxes and cell proliferation.  Thy-1–/–
thymocytes exhibited impaired maturation from the
double positive to single positive stage of thymocyte
development, possibly due to inappropriate negative
selection, and were prone to T lymphomas in aged
mice. These observations indicate that Thy-1 negatively
regulates TCR-mediated signaling and controls
activation thresholds during thymocyte differentiation.
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Results and discussion
Alterations in cell membrane contacts could be detected
by electron microscopy studies of the Thy-1–/– thymus (see
Supplementary material). As thymic intercellular interac-
tions are known to play an important role in regulating 
T-cell receptor (TCR) signaling in thymocytes [9], we
examined whether Thy-1 deficiency influences TCR sig-
naling in mouse thymocytes. We analyzed the tyrosine
phosphorylation of immunoreceptor tyrosine-based activa-
tion motifs (ITAMs) in CD3 and TCRζ subunits, and the
activity of p56lck [9–11]. Figure 1a shows that cross-linking
of TCR–CD3 in vitro led to higher levels of tyrosine phos-
phorylation of the CD3ε and p23 TCRζ chains in Thy-1–/–
thymocytes than in Thy-1+/+ thymocytes, despite a similar
distribution of mature (TCRhi) and immature (TCRlo)
cells and similar surface expression of TCR in each subset
of Thy-1+/+ and Thy-1–/– thymocytes (Figure 2c). Further-
more, triggering of TCR–CD3 resulted in a higher
increase in p56lck activity in Thy-1–/– thymocytes than in
Thy-1+/+ thymocytes (Figure 1b). Signaling events down-
stream of tyrosine phosphorylation of TCR–CD3 com-
plexes were also augmented in Thy-1–/– thymocytes.
Figure 1c shows that TCR–CD3 triggering resulted in
faster and greater [Ca2+]i increments in both double posi-
tive (DP) and single positive (SP) Thy-1–/– thymocytes.
These results thus indicate that both immature (DP) and
mature (SP) Thy-1–/– thymocytes are more responsive to
TCR stimulation than wild-type thymocytes, consistent
with the enhanced TCR-induced proliferative responses
observed for SP cells (Figure 1d) and altered selection
processes for DP cells (Figures 2,3). Thy-1 might modu-
late TCR signaling by sequestering available p56lck in a
similar way as CD4 [7,9], or by hindering the proposed
packing of TCRs, coreceptors and accessory molecules
into specific membrane-protein aggregates [12]. 
The total number of thymocytes and the expression
pattern of surface markers were found to be similar in
wild-type and Thy-1–/– mice (data not shown). However,
the percentage of CD8 SP mature T cells was reduced by
two- to three-fold in Thy-1–/– mice (2.5 ± 0.6% and
1.0 ± 0.3% for wild-type and Thy-1–/– animals, respec-
tively). This observation prompted us to examine the mat-
uration kinetics of Thy-1–/– thymocytes from the DP to SP
stage, using an in vivo bromodeoxyuridine (BrdU) pulse-
labeling method [13]. Figure 2a shows that the de novo
production of CD8 and CD4 SP thymocytes from the DP
precursor pool was markedly reduced in Thy-1–/– mice.
The diminished accumulation of SP cells could be a con-
sequence of fewer DP cells undergoing differentiation
into SP cells or of impaired survival of the SP precursor
populations, such as DP and transitional thymocytes. We
therefore analyzed the rate at which BrdU-pulsed thymo-
cytes were removed from the DP cell pool and forwarded
into the transitional compartment, defined by Lucas and
Germain [14] as CD4loCD8lo/hiTCRint and CD4hiCD8lo
TCRint/hi cells. Normal numbers of BrdU-labeled DP 
thymocytes and transitional cells were present in Thy-1–/–
mice 1 day after pulsing with BrdU; however, 2 days and
3 days after pulsing, a decreased accumulation of transi-
tional thymocytes was evident (Figure 2b, lower panels).
Most importantly, Thy-1–/– transitional cells were reduced
by about 60% from day 1 to day 2. Thus, although positive
selection of DP thymocytes is initiated normally in the
Thy-1–/– thymus, a fraction of positively selected Thy-1–/–
thymocytes seems to die at transitional stages before
reaching the SP compartment, possibly due to overriding
negative selection related to the TCR hypersensitivity
observed in Thy-1–/– thymocytes. This finding  is consis-
tent with reports showing that the bulk of negative selec-
tion, at least that mediated by viral superantigens, takes
place within transitional thymocytes after an initial step of
positive selection [15].
Enhanced levels of depletion were also detected in the DP
subset of Thy-1–/– thymocytes at day 2 and day 3 (Figure 2b,
upper right panel), raising the possibility of increased death
in this cell population as well. This proposal was further
supported by analysis of recombination activating gene
(RAG) expression in DP thymocytes. RAG gene expression
has proved to be a relevant marker of thymic maturation:
thymocytes gradually downregulate the level of RAG tran-
scripts as they undergo positive selection [16]. We sorted
DP cells into CD3–/dull and more mature CD3+ populations
and analyzed RAG-1 mRNA expression by semi-quantita-
tive RT-PCR analysis. Figure 2c shows that the downregu-
lation of RAG-1 mRNA expression from CD3–/dull to CD3+
DP thymocytes was dramatically reduced in Thy-1–/– mice
relative to Thy-1+/+ mice. Thus, together with the BrdU
kinetic study, these data regarding the immature pheno-
type of Thy-1–/– CD3+ DP thymocytes suggest that DP cells
that have undergone the downregulation of RAG expression
are more susceptible to death. This increased cell death
may again be caused by an augmentation of negative selec-
tion, or by the loss of survival signals normally delivered by
Thy-1 during positive selection of DP cells.
We also established Thy-1–/– mutant mice expressing a
transgene (tg) coding for a TCR that is specific for the
male H-Y antigen presented by the MHC class I mol-ecule
H-2Db [17]. We observed that positive selection giving rise
to the SP CD8+ TCRtg+ thymocytes in H-Y transgenic
female mice, was reduced approximately two-fold in the
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Figure 1
Increased TCR signaling in Thy-1–/–
thymocytes. (a) Tyrosine phosphorylation of
TCR–CD3 subunits. Thymocytes were either
stimulated with anti-CD3ε monoclonal antibody
(145-2C11) at 37°C for 5 min [9] or incubated
at 4°C for 30 min in the presence of NaN3.
TCR–CD3 immune complexes [11] were
analyzed by blotting with anti-phosphotyrosine
antibody, anti-CD3ε antibody or anti-TCRζ
monoclonal antibody. (b) TCR-dependent
p56lck activation. Thymocytes were either
untreated or stimulated with anti-CD3ε
monoclonal antibody (KT3) at 37°C for 5 min
and lysed in lysis buffer containing 1% Brij 96.
p56lck was immunoprecipitated and the
immune complex was analyzed in a kinase
assay by using TCRζ-derived ITAM peptide as
a substrate [20]. Similar amounts of p56lck
were present in each immunoprecipitate as
visualized by blotting with anti-p56lck antibody.
(c) TCR-triggered Ca2+ mobilization. The ratios
of violet:blue fluorescence in Indo-1-labeled
cells are proportional to [Ca2+]i and were
analyzed by flow cytofluorometry [9]. Thy-1+/+
(open triangles) and Thy-1–/– (shaded
triangles) thymocyte responses were measured
after gating on DP and CD4+8– SP cell
populations. (d) TCR-triggered proliferation.
Graded numbers of Thy-1+/+ (open circles) or
Thy-1–/– (shaded circles) thymocytes were
cultured for 72 h in the presence of immobilized
anti-CD3ε monoclonal antibody in complete
culture medium. The cells were pulsed with
[3H]-thymidine and the incorporated
radioactivity was determined.
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absence of Thy-1 (Figure 3). Preliminary data suggest that
this reduction probably reflects the deletion of a fraction of
CD4loCD8lo transitional TCRtg+ thymocytes that are com-
mitted to become SP mature cells in Thy-1–/– H-Y trans-
genic animals (data not shown). These results agree with
the hypothesis that excess TCR signaling in Thy-1–/– thy-
mocytes leads to impaired thymic maturation by convert-
ing partially positive selection into inappropriate negative
selection. Similar observations have previously been made
in CD5–/– mice [18].
Thy-1 deficiency was found to potentiate thymic
lymphomagenesis observed in aged H-Y transgenic female
animals [19] (see Supplementary material). Thy-1–/–
thymocytes that are hyperreactive to TCR (and possibly
pre-TCR) signals might not be efficiently controlled by
clonal deletion in aged mice and the lack of Thy-1 might
therefore synergize with other oncogenic events, either by
increasing the number of cells available to undergo trans-
formation, or by enhancing the expansion of transformed
cell populations. One cannot rule out, however, that there
might be a dominant effect of regulatory elements control-
ling the neomycin resistance gene in the targeting vector;
these elements might then act on a Thy-1-linked gene that
is directly involved in tumorigenesis.
Our study on Thy-1 deficiency demonstrates that this mol-
ecule downregulates TCR-mediated signal transduction
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Altered differentiation of Thy-1–/– thymocytes. (a) Kinetics of production
of SP thymocytes. Thy-1+/+ (open circles) and Thy-1–/– (shaded circles)
thymocytes from BrdU-pulsed mice [13] were double-labeled to
determine CD8+ and CD4+ SP subsets and then stained with anti-BrdU
monoclonal antibody [21]. The SP cell production was defined as the
ratio between the number of BrdU+ SP thymocytes and that of total
BrdU+ thymocytes found at day 1. (b) Kinetics of production of DP and
transitional thymocytes. Thymocytes from BrdU-pulsed mice were
surface-labeled to define three subsets: CD4hiTCR–/lo (R1), CD4loTCRint
(R2) and CD4hiTCRint/hi (R3) thymocytes, which correspond to the
CD4+8+TCR–/lo DP, CD4lo8lo/hiTCRint and CD4hi8loTCRint/hi transitional
thymocytes, respectively [14]. An example for the electronic gating using
wild-type thymocytes is shown (upper left panel). Absolute numbers of
BrdU+ cells in each subset (upper right and lower panels) were thus
determined each day for Thy-1+/+ (open circles) and Thy-1–/– (shaded
circles) thymocytes. (c) RAG-1 mRNA expression in DP thymocytes.
Thymocytes were sorted into DP cells (gate R1) that were further
subdivided in CD3–/dull (R2) or CD3+ (R3) populations. The CD3
expression on total (plain lines) or DP thymocytes (bold lines) is shown.
RNAs in each subset from Thy-1+/+ or Thy-1–/– littermates were
extracted and analyzed for the expression of RAG-1 and hypoxanthine
phosphoribosyl transferase (HPRT) transcripts by semi-quantitative RT-
PCR. Dilutions of input cDNA are indicated above the lanes.
in mouse thymocytes. This negative regulation could 
possibly prevent excessive TCR signaling in developing
thymocytes from leading to inappropriate negative selec-
tion. Thy-1 regulation of TCR signaling might also partici-
pate in the control of transformation events in thymocytes.
Thy-1, along with other thymocyte surface molecules
[9,18], thus contributes to the ‘fine-tuning’ of TCR signal-
ing to promote effective thymic maturation and T-cell
repertoire construction. 
Supplementary material
A figure showing altered cell–cell contacts in the Thy-1–/– thymus, data
from the lymphomagenesis studies and details of the mice and antibod-
ies used in this paper are published with this paper on the internet.
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Figure 3
Reduced thymocyte positive selection in Thy-1–/– mice expressing an
HY/H-2Db-specific TCR. The expression of CD4 and CD8 on total
thymocytes, and of H-Y TCR on the CD8+ subset of Thy-1+/+ or 
Thy-1–/– H-Y transgenic female littermates was analyzed by flow
cytofluorometry. The percentages for CD4–8– double negative, DP,
CD4+ SP and CD8+ SP cells are indicated.
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